In addition to the Alu family of short interspersed repetitive DNA elements (SINEs), we have previously characterized one other repetitive ONA family (Type II) In the prosimian, Galago crasslcaudatus. We present here a detailed analysis of seventeen members of a third galago SINE family designated as the Monomer family. Both the Monomer and Type II families are shown to be specific for the galago genome as compared to other primates, including another prosimian, the lemur. Moreover, in vitro transcription of galago SINEs suggests that the Monomer and Type II families have appreciably stronger RNA polymerase III promoters than does the Alu family. This agrees wtth the promoter sequence for each of these SINE families, in that the Monomer and Type II family promoters are more closely related to the RNA polymerase III promoter consensus sequence than is the Alu family promoter. These promoter strength analyses also correlate with copy number and sequence divergence analyses, which suggests that the SINE families with the strongest promoters have been amplified most recently in the galago genome.
INTRODUCTION
Short interspersed repetitive DNA elements (SINEs) are a common feature of all mammalian genomes (1, 2, 3) . Since there are different types of mammalian SINEs, these repetitive DNA elements have been grouped into families of related sequences (4) . The most extensively characterized SINE family is known as the human Alu family, which exists as 500,000 repetitive DNA elements interspersed throughout the haploid human genome (5) . The human Alu family of DNA elements corresponds to a 300 base pair (bp) dimeric structure composed of two related and tandemly arranged 133 bp monomeric units, with an additional 31 bps located in the middle of the right-half monomeric sequence (6) . This dimeric structure of the Alu family has also been found in the genomes of all primates studied to date, including the prosimian, galago (7) . The galago Alu family (also known as the Type I family) is closely related to the human Alu family and shows considerable sequence identity to the human dimer throughout its structure. In addition to the Alu family, there are two other major SINE families that have been discovered in the galago genome (8) . One of these galago SINE families (the Monomer family) is not related to the Alu family, but does show a striking relatedness in sequence to methionine transfer RNA (tRNA) genes, suggesting that the Monomer family was derived from this tRNA gene (9) . The other major galago SINE family (the Type n family) is a chimeric element composed of sequences closely related to the Monomer family in the left-half of its structure and sequences almost identical to the Alu (or Type I) family in the right-half of its structure. Thus, it appears that there was an ancestral fusion of a Monomer family element with an Alu family member that created an independent Type n DNA element in the galago genome (10) . Figure 1 depicts a proposed mechanism for the formation of the Type II family in galago from pre-existing Monomer and Alu family elements. The schematic diagram also demonstrates the structural relationship between the three major galago SINE families ( Figure 1 ).
All of the galago SINE families are thought to have been amplifed and dispersed throughout the genome by a transposition mechanism often referred to as retroposition (11) . This mechanism involves the transposition of DNA elements through an RNA intermediate which is transcribed from the internal RNA polymerase El promoter of the SINE (12, 13) . As shown in Figure  1 , retroposition also requires reverse transcription to generate SINE cDNAs that are subsequently integrated into the genome producing short direct repeats that flank the SINE. Although repetitive elements other than SINEs, such as LINEs and processed pseudogenes, can also undergo the retroposition process (2, 3) , it is clear that SINEs are particularly efficient at increasing their copy number in the genome by this process. Several factors may be important for the efficient amplification of SINEs, including the presence of an internal RNA polymerase III promoter to direct the formation of SINE transcripts and the presence of an internal oligo(dA)-rich sequence near the 3' terminus to allow for productive self-priming of SINE transcripts during reverse transcription (12, 13) . Moreover, since most SINE families are derived from parental genes that are not highly amplified (for example, the tRNA Met gene for the Monomer family), mutational and/or structural modifications of the parental gene appear to be needed to increase the efficiency of the retroposition process before the SINE can be amplified (2, 9) . Finally, the physical location of a SINE in the genome may affect the amplification rate as flanking sequences are known to be involved in the regulation of some RNA polymerase HI promoters in vivo (3, 4) .
The evolutionary relationships of SINE families also provides some information about the rate at which SINEs are amplified in the genome (2) . In the case of the galago SINE families, it is clear that the Alu family is the most ancient of the three families. The Monomer family must also have pre-dated the development of the chimeric Type II family, since it was needed for the formation of the first Type II element. In order to more clearly evaluate the evolutionary relationship of the three major galago SINE families, we have characterized numerous additional Monomer family SINEs and compared their transcriptional properties to that of the Type II and Alu (Type I) families. Here, we describe some of the factors that may have influenced the amplification and evolution of these related galago SINE families.
MATERIALS AND METHODS

Isolation of Monomer family clones
Several Monomer family clones (GAL 2,32,38,39) characterized in this study have been isolated from a M13mp8 library of Galago crassicaudatus DNA as has been described previously (8) . Additional Monomer family clones (GSE 7, 9, 12, 18, 20, 32, 36, 37, 40, 41, 43, 55) were isolated from a M13mp8 library of Galago senegalensis DNA using the methods described below. Genomic Galago senegalensis DNA was isolated from cultured primary fibroblast cells (supplied by Dr. P. Welsh, Duke University) by standard procedures (14) . The genomic DNA was cleaved with the restriction endonuclease Rsal, size-fractionated by agarose gel electrophoresis to obtain fragments of about 500 bps in length, and cloned into M13mp8 by blunt-end ligation as previously described (7, 8) . The Galago senegalensis M13mp8 library was then plated (15) and screened by plaque hybridization (16) , using the insert from the Monomer family clone GAL 39 as the hybridization probe. Positive clones were then isolated and phage DNA was prepared from one ml cultures for DNA sequencing (17) . All DNA sequencing was accomplished by the dideoxynucleotide chain terminating procedure of Sanger et al. (18) as modified for incorporation of [a- 35 S]dATP into the nascent chain (19) .
In vitro transcriptional analysis
The template for the in vitro transcription reactions was supercoiled replicative form (RF) DNA prepared from Ml3 clones characterized previously (7, 8) and in this study as described above. The RF DNA was prepared using the alkaline lysis procedure (20) on bacteria infected with a single recombinant M13mp8 phage (21) . All RF DNAs were purified by two rounds of centrifugation to equilibrium in CsCl-ethidium bromide gradients (14) . The soluble extracts used for the transcription reactions were prepared as S100 extracts from HeLa cells grown in spinner flasks as described by Dignam et al. (22) . A series of titrations of the DNA template concentration were carried out to optimize the transcription reactions with the S100 extract. All transcription reactions and RNA extraction conditions were similar to those we have described previously using [a-32 P]UTP as a source of label for transcription products (23) . The standard reaction contained 12 mM HEPES, pH 7.9, 12 % (v/v) glycerol, 7 mM MgCl 2 , 60 mM KC1, 0.2 mM ethylenediamine tetraacetate (EDTA), 0.3 mM dithiothreitol, 0.5 mM each of ATP, GTP, CTP, 25 /tM [a-32 P]UTP (2-4 Ci/mmole), 0.5 /tg/ml a-amanitin, 1 ng of DNA, and 7 /il of S100 extract in a final volume of 25 /tl. Transcription reactions were initiated by the addition of the S100 extract and the reaction was incubated at 30°C for 60 min. After incubation, the transcription reactions were terminated by the addition of 125 /d of a solution containing 8 M urea, 1 % SDS, 10 mM EDTA, and 25 /*g yeast tRNA and the labelled RNA was extracted several times with an equal volume of phenol:chloroform (1:1) to remove protein (24) . The RNA was then isolated by precipitation with 95% ethanol and centrifugation to collect the pellet. The labelled transcripts were then dissolved in 10 /xl of 98% formamide and separated on 6% polyacrylamide gels containing 7 M urea. Electrophoresis was continued until the bromophenol blue tracking dye reached the bottom of the gel. The position of specific transcripts in the gel was determined by autoradiography.
SI nuclease mapping analysis
SI nuclease mapping studies were carried out to map the 5' ends of the transcripts for some of the galago Monomer (GAL 2 and 39) and Type II (GAL 5 and 25) SINE family clones. For these experiments, transcripts were synthesized and purified as described in the preceding section except that [a-32 P]UTP was replaced with cold UTP in the transcription reaction. A 5'-end labelled DNA probe was prepared for each galago SINE subjected to this analysis by cleaving the recombinant M13mp8 clone at a restriction site within the repetitive DNA element, labelling the 5' ends with polynucleotide kinase (25) and [>-32 P]ATP (3000 Ci/mmole), and then cleaving the M 13mp8 vector at a site upstream of the cloned repetitive DNA insert. The appropriate 5'-end labelled SINE fragment was then isolated from a denaturing 7 M urea-6% polyacrylamide gel. The reaction conditions used for annealing the 5'-end labelled probe to the transcript and conducting the S1 nuclease mapping analysis were the same as described previously (26) .
Determination of SINE family copy number
Because the Type II family has sequence elements related to those in both the Alu (Type I) family and the Monomer family, direct measurements of the copy numbers of these SINE families in galago genomic DNA by hybridization analysis is not possible. We have attempted to overcome this problem by screening 602 random M13mp8 clones from the Galago senegalensis library, with probes specific for each galago SINE family. The probes used were all single-stranded DNA produced by primed synthesis reactions. In the first step of this procedure, 2 jig of singlestranded DNA from the desired recombinant M 13mp8 clone was annealed to an excess of the universal sequencing primer to provide a template for DNA synthesis (21) . The primer was extended in a reaction mixture containing 10 mM Tris (pH 7.4), 6 mM MgCl 2 , 50 /tM each of dGTP, dCTP, dTTP and 20 /tCi of [a- 32 P]dATP and two units of the Klenow fragment of DNA determined, initially by plaque hybridization (16) , and then confirmed by dot blot analysis of clones which were positive in the first screening (27) . To improve the accuracy of our copy number estimate we determined the size of the inserts for twenty random clones isolated from the galago Ml3mp8 library and found the insert size to average 500 bps. polymerase I. After the elongation reaction was completed, the DNA molecule was cleaved with EcoRl restriction endonuclease and denatured by boiling for three minutes. The labelled strand was then separated from the template by electrophoresis in a denaturing 7 M urea-6% polyacrylamide gel. The single-stranded DNA probe was then eluted from the gel and concentrated by precipitation. Using this approach, we have prepared probes for both strands (using clones with inserts in opposite orientations) of a Monomer family clone (GSE 12) and Type II family clone (GAL 25). The insert from GAL 25 was digested with HpaH restriction endonuclease to generate subclones containing only the left-half (GAL 25^) and right-half (GAL 25 H , 0 ) segments of the Type II family. The proportion of the 602 random recombinant clones that hybridized to each of the probes was
INSERTION
RESULTS
The Monomer family is an independent SINE family in the galago genome In our original description of the galago Type II family (8), we found one example of a repetitive element (GAL 39) which apparently contained only the left half of the Type II sequence. It was not clear whether GAL 39 represented an independent SINE family or was simply a truncated Type II family clone. Additional sequence analysis of the clones generated in our initial study of galago SINE families (7, 8) , revealed that several lefthalf Type II clones (GAL 2,32,38,39) existed independently of the Type II right-half sequence ( Figure 2 ). These monomeric Type II left-half repetitive elements were described as the galago Monomer (or Type IH) family and were found to have similar sequences to methionine tRNA genes (9 As shown in Figure 2 , the aligned sequences of 17 Monomer elements [4 clones isolated from a Galago crassicaudatus library (GAL, Ref. 7, 8) and 12 clones isolated from a Galago senegalensis library (GSE)] generates a 100 base consensus sequence which demonstrates that these repetitive sequences can be distinguished as an independent SINE family. Apparently, there is no obvious difference between the Monomer family elements in these two closely related galago species as determined by our sequence analysis, nor would we expect there to be a difference. As we have observed previously for the galago Alu (Type I) and Type II SINE families (7, 8) , the Monomer SINEs are not completely identical in their sequences. The individual Monomer family elements show a 12% divergence on average from the consensus sequence (the most common nucleotide at each position) widi only a small number of insertions and deletions occurring per clone. The divergence from the Monomer consensus sequence for individual clones is: 7.1 %, 10%, 14.1%, and 10% for the GAL clones in numerical order and 25.4%, 7.1%, 11.1%, 10%, 17.5%, 10.7%, 6.1%, 16.2%, 33.6%, 5.1%, 9.1%, 13.3%, and 12.9% for the GSE clones in numerical order ( Figure 2) . Thus, the range of divergence is from 5.1% to 33.6% for individual Monomer family clones. A significant amount of the sequence divergence from the Monomer consensus sequence can be attributed to 4 CpG dinucleotides located at positions 4, 31, 47, and 74 in the consensus sequence (Figure 2 ). Because the left-half segment of the Type n family was discovered to be related to the Monomer family, we compared the consensus sequences for these galago SINE families and found that they had a 75% sequence identity over an 80 base region (data not shown). Additional analysis demonstrates that the galago Monomer family (Figure 2 ) shares many common features with other primate SINEs including: 1) a precisely defined 5' terminus (position 1 in the consensus sequence); 2) a variable oligo(dA)-rich 3' terminus (dA-rich sequences near position 100); 3) direct repeats that flank the consensus sequence (underlined sequences); and 4) a split intragenic RNA polymerase III promoter (blocks A and B). These structural features indicate that the Monomer elements are an independent SINE family that has been dispersed throughout the galago genome by retroposition. 
Transcriptional analysis of galago SINE family clones
Since retroposition of SINEs requires transcription, we were interested in characterizing the transcriptional properties of the three galago SINE families to learn more about the amplification of these repetitive elements. We also noted that the galago Monomer and Type II family members had an RNA polymerase in promoter apparently derived from a methionine tRNA gene (9) , whereas the galago Alu (Type I) family had a promoter derived from a 7SL RNA gene (28) and wished to determine if these promoters were transcribed to the same extent. To accomplish this aim, we purified DNA from several different SINE family clones and conducted in vitro transcriptional studies using HeLa cell SI00 extracts as our source of RNA polymerase IE. As shown in Figure 3A , we directly compared the transcriptional activity of several cloned galago Type I (GAL 19) and Type II (GAL 20, 34, and 35) SINE family members with a human Alu family control clone (pJD 7) by incubating the clones together in the same transcriptional reaction mixture and separating the "transcripts. The control clone (pJD 7) in this analysis represents a human Alu family element which was determined to have the strongest promoter out of 20 random Alu family clones tested (J. Randall and P. Deininger, unpublished). Densitometric analysis of the transcripts shown in Figure 3A indicates that transcription of the human Alu family clone, JD 7 (see transcripts designated by the arrow), was surpassed approximately 5-fold by the transcripts produced from the galago Type II clones, GAL 20 and GAL 34. This analysis suggests that the Type II family RNA polymerase III promoter (in clones GAL 20 and GAL 34) is transcribed more efficiently than is the human Alu family promoter in clone JD 7.
As demonstrated in Figure 3B , in vitro transcriptional analysis of the Monomer family clones indicates that most of these clones have an active RNA polymerase IK promoter. The most highly transcribed Monomer family clones (GSE 9 and GSE 18 in lanes e and g of Fig. 3B , respectively) appear to have promoters that Figure 3 generate multiple transcripts of different lengths indicating that incomplete termination occurs at various points in the sequence. We have mapped the positions of these termination sites in the vector sequence (data not shown) and, as expected, find a RNA polymerase HI terminator sequence (four or more T residues) at the site of termination in most cases (29) . This indicates that some of the longest transcripts observed in Figure 3 result from transcriptional read-through at the first termination site encountered. To determine the initiation site for transcription of the galago SINE family clones, we carried out SI nuclease mapping analysis on transcripts produced by in vitro transcription for two Monomer (GAL 2 and GAL 39) and Type U (GAL 5 and GAL 25) family clones. Our results demonstrated that the transcriptional initiation site for all the Monomer and Type II family clones tested was the expected 5' end of the repetitive DNA sequence which corresponds to the first base of the consensus sequence for each SINE family (data not shown). This analysis also confirmed our previous assumption that terminations were occurring at various sites in the downstream flanking region of the galago SINE family clones.
Copy number and species-specificity of the galago SINE families Because the galago Type II family members cross-hybridize with probes for either Alu (Type I) or Monomer family members, direct quantitation of the three galago SINE families by hybridization techniques is difficult. To overcome this problem, we have chosen to use library screening procedures (16) to estimate the copy numbers of the galago SINE families. For this analysis, we have used our size-selected Galago senegalensis M13mp8 library, which has inserts averaging about 500 base pairs in length. Thus, the probability that individual clones from this library would contain more than one galago repetitive DNA element is fairly low. Assuming that each positive clone contains only one repetitive DNA element, we discovered that we could differentiate between the three galago SINE families by A. Dot blots of genomic DNA (500 ng) from: A) cow, B) mouse, Q tree shrew, D) lemur, E) galago, F) owl monkey, G) rhesus monkey, and H) human were hybridized to the Monomer family probe, GAL 2, and the abundance of related sequences was determined by autoradiography. Sequences that hybridized to the Monomer family probe were detected only in galago genomic DNA (lane E). The same result was obtained with the Type II left-half probe, GAL 25 H2 (data not shown). B. An identical dot blot to that described in part A was hybridized with a Type n right-half probe (GAL 25H 10 ) which also detects primate Alu family elements due to the sequence similarity of these SINEs. This probe hybridized to the genomic DNAs of all primate species (almost certainly to Alu family sequences within the genome) as determined by autoradiography (see lanes D, E, F, G, and H).
hybridizing filter lifts of the galago library and dot blots (second screening of positive clones) with separate probes for the Monomer (GSE 12), Type U left-half (GAL 25^), and Type n right-half (GAL 25 H io) elements. Thus, clones which hybridized to the Monomer and/or Type II left-half probes, but not to the Type n right-half probe were designated as Monomer family clones. Clones which hybridized to the Type II right-half probe, but not to the Monomer and/or Type II left-half probes were counted as Type I family clones and clones which hybridized to all three SINE probes were considered to be Type II family clones. Using this method to estimate the number of galago SINE family members, we screened 602 random clones from the galago library and discovered that 20 clones contained Monomer elements, 32 clones contained Type II elements, and 26 clones contained Type I elements. As shown in Table 1 , we estimate from these data that the three major galago SINE families are present in the range of approximately 200,000 to 320,000 copies per family in the galago genome.
The abundance and similarity in copy numbers for the Monomer, Type II, and Type I (Alu) families in the galago genome suggested that all three SINE families might have originated very early in primate evolution. Since the 300 base pair dimeric form of the human Alu family had been found in all primates, but not in rodents (2), we wished to determine the distribution of the Monomer and Type II SINE families in the genomes of other primate and mammalian species. This was accomplished by hybridizing dot blots of genomic DNA from different mammalian species with probes specific for the Monomer (GAL 2), Type U left-half (GAL 25^), and Type U right-half (GAL 25 H) o) sequences as described in Figure 4 . This analysis of mammalian genomic DNA demonstrates that the Monomer and Type II SINE families are highly amplified only in the galago genome (Figure 4a ), whereas the Alu family (as detected by the Type II right-half sequence probe) is present in high copy numbers in the genomes of all primates tested including lemur, galago, owl monkey, rhesus monkey, and human (Figure 4b). This indicates that the Monomer and Type II families were formed and apparently amplified since the divergence of the prosimian species, galago and lemur, which occurred about 45 million years ago. These results agree with sequence divergence data which suggests that most mammalian SINE families are homogeneous and species-specific in their sequences due to their recent amplification on an evolutionary time scale (2) .
DISCUSSION
In addition to the Alu family found in the genomes of humans and other primates, the galago genome has two other major SINE families. These three galago SINE families have been described previously as the Type I or Alu (7), Type II (8), and Monomer (Type IE) families (9) . Almost all members of these galago SINE families share common features with other SINEs including: 1) a precisely defined 5' terminus; 2) a variable oligo(dA)-rich 3' terminus; 3) a split intragenic RNA polymerase HI promoter; and 4) direct repeats that flank the repetitive element. By these criteria, we have demonstrated in this study that the Monomer elements shown in Figure 2 are an independent SINE family in the galago genome and are not the truncated left-half regions of several Type II elements. The fact that the Monomer elements are an independent SINE family capable of retroposition suggests a mechanism for the formation of the chimeric Type II family ( Figure 1 ). Based on the sequence analysis of several subfamilies, we have proposed that the galago Type II family resulted from the integration of a Monomer family element into the center of a Type I Alu family member (10) . This specific integration event apparently allowed the Type II family to spread itself by retroposition throughout the galago genome using the RNA polymerase IE promoter of the Monomer element.
Since our first analysis of the major galago SINE families suggested that all three were highly copied in the genome (7, 8) , we attempted to determine their distribution in the genomes of other primate species to learn more about the origin of each SINE family. Dot blot analysis of genomic mammalian DNA indicated that the Monomer and Type n families were highly amplified only in the galago genome (Figure 4a) , whereas the Alu (Type I) family was present in high copy number in the genomes of all primates tested (Figure 4b ). This analysis demonstrated that the Monomer and Type II families were unique to the galago genome indicating that these two SINE families were apparently formed and amplified much more recently on an evolutionary time scale than was the Alu family (2) . Moreover, we believe that the Monomer family must have originated prior to the Type II family as evidenced both by its higher divergence from the consensus sequence (12% for the Monomer family versus 6% and 9% for the two subfamilies of the Type II; Ref.
2), as well as the observation that the Type II family was almost certainly derived from the fusion of a Monomer element with an Alu (Type I) family member (10) .
Copy number analysis for the three galago SINE families was carried out to determine the relative abundance of each family and the rate of SINE family amplification in the galago genome. Our analysis demonstrated that the Alu family is present at a lower copy number in the galago genome than it is in the human genome (259,000 in galago versus about 500,000 in human; Ref. 6 ). This may have occurred due to the presence of the two other actively amplifying SINE families in galago which may have competed with Alu family elements for the retroposition machinery and available target sites resulting in an early saturation of the galago genome with SINE sequences. It is also possible that mutations occurred in the galago Alu family early in its evolution, which merely made it amplify less effectively than the Alu family in other primates. This is supported in part by our previous studies which demonstrated that the galago Alu (Type I) family has species-specific differences in its sequence compared to the Alu family in the other primates (7, 30) . Surprisingly, the most recently amplified SINE families in the galago genome (the Monomer and Type II families) were found to be present in similar copy number to the galago Alu (Type I) family (see Table  I ). In fact, the most recently formed galago SINE family (the Type IT) is also the SINE family with the highest copy number in the galago genome. Comparison of sequence divergence within these SINE families suggests that the Alu family may be as much as twice as old as the Type II family and appreciably older than the Monomer family (2) . What has allowed the Monomer, and especially the Type II families to amplify more effectively than the Type I (Alu) family in the galago genome? Did the galago Alu family simply stop amplifying and allow the other SINE families to catch up or do the Monomer and Type II families have some advantage in the retroposition process?
Our analysis of the in vitro transcriptional data (Figure 3) suggests that the overall order of transcriptional activity for the galago SINE families is Type II family > Monomer family > Alu family. Thus, one factor that may have affected the rate of amplification of the Monomer and Type II families is the acquisition of a RNA polymerase m promoter that is transcribed more efficiently than is the Alu family promoter. This is certainly a likely possibility for any repetitive element that undergoes an RNA-mediated transposition as the importance of the promoter to retroposition is supported by studies of the yeast TY I element (31) . Transcriptional analysis of numerous SINE family members indicates that the Monomer and Type II family clones are transcribed 2 to 5 fold more effectively than is our most efficiently transcribed human Alu family clone, JD 7 ( Figure 3 ). These differences in transcriptional activity probably result from differences in the RNA polymerase in promoter found within each SINE family.
Since there are notable differences in the sequence and transcriptional activity of individual SINE family members, it does not seem likely that all members of a SINE family are actually involved in the retroposition process (2) . The fact that some SINEs, such as the galago Type II family, can be divided into subfamilies (10) , suggests that a small group of master sequences has been responsible for the amplification of most SINE family members. This is also supported by evolutionary analysis of human Alu family members which suggests that amplification of this SINE family has been dominated by one, or just a few, master gene(s) (32, 33) . The consensus sequence for a SINE family actually represents our best estimate of the most actively retroposing or master sequence (1). Thus, individual SINEs that show a high degree of sequence identity to the consensus are the SINEs that most accurately reflect the properties of the master sequence. Analysis of the Monomer family ( Figure  2 ) and Type II family (8) sequences shows that only a limited number of clones actually match the consensus sequence within the promoter region. These clones are GAL 25 for the Type II family and clones GAL 32, GSE 9, GSE 18, GSE 40, and GSE 41 for the Monomer family ( Figure 5 ) and are our best examples of individual SINEs that should reflect the true promoter strengths of the parental sequence for these SINE families. As predicted, these galago clones were some of the most highly transcribed by RNA polymerase HI demonstrating a greater promoter strength than most of the other clones tested, including the human Alu family clone, JD7.
Additional analysis of these RNA polymerase III promoter sequences points out several other interesting features. Both the Monomer and Type II family promoters originally were derived from a methionine tRNA gene (9) . The sequence of that promoter is presented in Figure 5 along with the consensus sequence for all three galago SINE family (7-9) and all eukaryotic tRNA promoters (34) . The Type I family consensus promoter differs considerably from the Monomer and Type II consensus promoters in that the distance between the A and B promoter blocks is 61 bp for the Type I versus about 34 bp for the tRNA-like promoters. Numerous studies have indicated that the relative positions of the A and B blocks with respect to each other affects the efficiency of transcription by RNA polymerase HI (35, 36) . Moreover, the A and B blocks of the Type I family promoter contain nucleotides that do not match the RNA polymerase HI promoter consensus sequence ( Figure 5 ) which may affect promoter strength. The Monomer family consensus promoter also has one mismatch to the RNA polymerase HI promoter consensus sequence. However, the Type II consensus promoter is perfectly matched to the RNA polymerase III promoter consensus sequence and actually represents the most efficiently transcribed promoter in our studies. Finally, as shown in Figure 5 , the consensus sequence for the promoter blocks differs for each galago SINE family. Whether these changes result in the formation of a stronger promoter for rapidly amplifying SINE families or are instead adaptations of the SINE family to allow the promoter to function better in a more varied genomic environment will require further analysis.
EMBL ACCESSION NUMBERS
The EMBL accession numbers for the galago Monomer, Type H, and Type I SINE family sequences are: GAL 2 (X559O6), GAL 5 (X00097), GAL 19 (X00116), GAL 20 (X00108), GAL 25 (X00100), GAL 32 (X03322), GAL 34 (X00102), GAL 35 (X00111), GAL 38 (X03327), GAL 39 (X03328), GSE 7 (X55920), GSE 9 (X03329), GSE 12 (X55910), GSE 18 (XO3331), GSE 20 (X03332), GSE 32 (XO3333), GSE 36 (X03334), GSE 37 (X55915), GSE 40 (XO3335), GSE 41 (XO3336), GSE 43 (X03337), GSE 55 (X03338).
